The crystal structures of (CH3)3NHC104 in three solid phases were studied by X-ray diffraction techniques. X-ray powder patterns taken at ca. 500 and 445 K revealed that the plastic phase (Phase I) attainable above 480 K crystallizes in a CsCl-type cubic structure with a = 5.845 (1) A, Z = 1, V = 199.7 (2) Ä3, and Dx = 1.327 gem -3, while Phase II, stable between 480 and 396 K, forms a tetragonal structure with a = 9.912 (4), c = 7.01 (2) Ä, Z = 4, V = 689 (3) A3, and Dx = 1.54 gem -3. The room temperature phase (Phase III) was studied by single crystal X-ray diffraction and found to form a monoclinic lattice with space group P2X , a = 5.749(1), b = 8.670(1), c = 7.5585 (9) A, ß = 102.66 (1)°, Z = 2, V = 367.6 (2) A , and Dx= 1.441 g em -3. Thermal measurements, differential thermal analysis and differential scanning calorimetry, were carried out on these solid phases, and the obtained results were compared with those observed for (CH3)3NHBF4.
Introduction
The three solid phases of trimethylammonium perchlorate were revealed by Stammler et al. from studies of high-temperature powder X-ray diffraction and differential thermal analysis (DTA) [1] . They re ported that the highest-temperature solid phase, named Phase I, is stable above 480 K and forms a tetragonal lattice with a = 8.20, c = 6.56 Ä, and Z = 2. The structures of Phase II and III existing at 480-389 K and below 389 K, respectively, were un known. The interrelation between the phase transi tions and excited motional modes of (CH3)3N H + and C104 ions were extensively investigated by Jurga et al. using differential scanning calorimetry (DSC), and 1H, 2H and 35C1NMR techniques [2, 3] . They revealed that in Phase I the cations perform isotropic reorientation as well as self-diffusion. This motional Reprint requests to Prof. Dr. H. Ishida, Department of Chemistry, College of General Education, Okayama Univer sity, Okayama 700, Japan.
behaviour implies that Phase I is an ionic plastic phase [4] , and hence probably forms a cubic structure, which is, however, inconsistent with previous results reported by Stammler et al. [1] .
In the present investigation, we redetermined the structure of Phase I by using powder X-ray diffrac tion. In addition, the structures of Phase II and III were studied by powder and single crystal X-ray dif fraction techniques, respectively.
Experimental
(CH3)3NHC104 was prepared by neutralizing trimethylamine with perchloric acid. The obtained crys tals were recrystallized twice from methanol. Phasetransition temperatures and the transition enthalpies were redetermined by a home-made DTA apparatus [5] and a Perkin-Elmer DSC 7 calorimeter, respec tively; heating rates employed were 1 and 5 K m in~1 in the same order. Powder X-ray patterns in Phase I and II were taken at ca. 500 and 445 K, respectively, 0932-0784 / 94 / 0600-0723 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen Table 1 . Experimental conditions for the crystal structure determination and crystal structure data of (CH3)3NHC104 in Phase III at 300 K. Table 2 . Observed and calculated 26 values of X-ray powder patterns in Phase I of (CH3)3NHC104 at ca. 500 K (cubic, a = 5.845(1) Ä, and Z = l). Single-crystal X-ray measurements were carried out on Phase III at 300 K using a Rigaku AFC-5 R diffrac tometer with graphite monochromated Mo Ka radia tion (40 kV, 200 mA). The structure was solved by the direct method using MITHRIL [6] and DIRDIF [7] All calculations were performed on a VAX 3100 com puter using TEXSAN [8] > Experimental conditions and crystal data are summarized in Table 1 .
Experimental conditions

Results and Discussion
Two solid-solid phase transitions were located at Ttr (III II) = 396 K and TtI (II ->I) = 480 K by DTA. The melting point could not be determined owing to sample decomposition occurring around 555 K. The enthalpy changes, AH (III -> II) and AH (II -► I), deter mined by DSC were 1.0 ± 0.2 and 3.96 ± 0.05 kJ mol -1, respectively; the associated entropy changes, AS, were evaluated to be 2.5 and 8.25 J K -1 mol-1, respec tively. The observed 7^'s are in good agreement with those reported by Jurga et al. [3] , whereas their data of AH (III II) = 2.36 kJ mol" 1 (AS = 5.94 J K -1 mol-1) and AH (II -I) = 4.64 kJ mol-1 (AS = 9 .5 9 JK -1 m ol-1 ) are large compared with our results [3] . Our AH and AS values are comparable with those ob- (7) 0.047 (6) (2) tained for the two solid-solid phase transitions in (CH3)3NHBF4 [9] having three solid phases (named as Phase I, II, and III in the order of decreasing temper ature) and AH (AS) (III ->II) = 1.1 kJ mol-1 (2.9 J K -1 mol-1) and AH (AS) (II ->I) = 3.36 kJ mol' 1 (7.4 J K ' 1 mol -x). Phase I was revealed to be an ionic plastic phase, where both cations and anions perform self-diffusion and isotropic reorientation [9] . The mo tional states of the cations and anions in Phase I of both crystals are, therefore, considered to be similar to each other. Fig. 1 . An ORTEPII [13] view along the b axis and atomic numberings. Thermal ellipsoids are drawn at the 50% probability level. (8) 2.47
The powder X-ray diffraction angles (2 0) obtained for Phase I could be well interpreted by a simple cubic lattice with a = 5.845 (1) Ä. The adequacy of the pres ent analysis is shown in Table 2 . We conclude from these data that Phase I is an ionic plastic phase having a CsCl-type cubic structure. Our preliminary mea surement of X-ray powder patterns showed that Pha se I of (CH3)3NHBF4 also forms a CsCl-type structure [10] . The angles (20) observed for Phase II are shown in Table 3 . These angles correspond to a tetragonal lattice with a = 9.912(4) and c = 7.01 (2) Ä. The crystal structure of Phase III is shown in Fig. 1 , and the atomic parameters are summarized in Table 4 . The large thermal ellipsoids associated with the O-atoms suggest the existence of a large-amplitude thermal libration and/or disordering of the orientation of the CIO4 ion. However, it was difficult to resolve the disordered position of the O-atoms. In Table 5 
